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(57) The purification of a Cg-d 
cyctoalkanone e.g. cycloalicana, 
obfBined by oxidation of the 
corresponding cydoallcane, is effected 
by subjecting the cycloalkanone to an 
aldol condensation whereby at least 
80% of the aldehydes present are 
converted but not more than 20% of 
cycloalkyi esters derived from 
carboxylic acids containing at least 4 
carbon atoms per molecule, Is allowed 
to saponify. In effecting the aldol 
condensation an alkaline catalyst may 
be used, e.g. sodium hydroxide or 
sodium carbonate, or an acid catalyst 
may be used e.g. sulphuric acid or an 
acid in exchanger. After the aldol 
condensation has been effected the 
cycloalkanone may be separatfid by 
disttllation. 
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SPECIFICATION 

Process for the puiiflcation off cycloBlkanone mix^ 
tares obtqinod in the oxidation of cycloaliranes 

• 5 

The invention relates to a process for the purifica- 
tion of mixtures that contain a cycloalkanone con- 
taining 5-12 carbon atoms in the ring and which have 
been obtained by the oxidation of the corresponding 

1 0 cycloatkana in the liquid phase by means of a gas 
containing molecular oxygen. 

The preparation of cycloalkanone mixtures by oxi- 
dation of the corresponding cycloalkane in the liquid 
phase by means of a gas containing molecular 

1 5 oxygen is well known (see, e.g., the general surveys 
ih the Stanford Research Institute Reports J (1985}, 
3A (1971). 7 (1965), 307^19. and 7A (1968). 87-103). 
In most cases use Is made of a degree of conversion 
of 1-12% calculated to the cycloaJkane feed stoct so 

20 thattheresultinfg reaction mixture contains a large 
proportion of unconverted cycloalkene. The mixture 
furthermore contains. In addition to the cycloal- 
kanone a considerable amount of the corresponding 
cydoalkanol In most instances, and a minor propor- 

25 tion of secondary products, including aldehydes^ 
organic adds and cydoalkyl esters. It is common 
practice to process the reaction mixture by distilla- 
tion, whan the cycloalkane and the by-products that 
are more volatile than thecydoalkane, and induding 

30 a large part of the aldehydes, are distilled off fir^ 
followed by the cycloalkanone and finally the eye- 
loalkanol. The residue consists of high-boiling cyc- 
loalkyl esters and other products. 
According to a known process procedure the yield 

35 of cydoalkanol is improved by saponifying tho eye 
loalkyi esters present rn the reaction mixture after 
distillation of the cycloalkane by treatment with an 
aqueous solution of sodium hydroxide or sodium 
carbonate. This process has the disadvantage, that 

40 the stringent conditions required for the saponifice- 
tion of the high-boiling cydoalkyl esters, which are 
difficif It to saponify, cause the cydoalkanol to be 
converted by self-condensation into the conrespond- 
Ing 2-cycloalkylidene cycloalkanone, thus becomes 

46 lost (Netherlands published P;stcnt Application 

6600838). The remedy forthis problem is to wash the 
reaction mixture with dilute aqueous solutions of 
alkali hydroxides or alkali carbonates under such 
mild conditions that only the organic acids dissolved 

SO In the organic phase are nautralized and no saponifi- 
cation of cydoalkyl esters Is effected. The product 
thus obtained Is distilled and then saponified with an 
aqueous alkali solution. By this means of loss of cycr 
loalkanone by self-condensation is avoided. 
.55 It however has been found that a cycloalkanone 
prepared in this way, particularly cydohexanone, 
does not meet the demands normally required for its 

. use. Thus when the cydohexanone is processed into 
pohfcaprolacum (nylon-6) by oximation, Beckmann 

60 rearrangement and polymerization, the mechanical 

strength of the pojycaprolactam obtained leaves 

much to be desired. It is now considered that this is 

due to the fact that a small part of the aldehydes 

persistcntty combines with the cydohexanone frac- 
as lilA.«k.. aUa ..^l^L.... ; - . 



polycaprolaciam, the aldehydes, even if present in 
low concentrations, give rise to impurities with a 
highly ddeterious effect on the strength of the 
polycaprolactam. Other cycloalkanones with 5-12 

70 carbon atoms In the ring show a similar effect. 
The invention is directed to a process for the 
purification of cycloalkanone mixtures without any 
appredable loss of cycloalkanone by self- 
condensation, and is based on the discovery that 

75 condensation of aldehydes with themselves or with 
cydoalkanone. can be effected at reaction conditions 
milder than those at which substantial self- 
condensation of cycloalkanone occurs. 

The invention provides a process for the purrfica- 
80 tion of a mixture containing a cydoalkanone contain- 
ing 5-12 carbon atoms in the ring obtained by the 
oxidation of the corresponding cydoalkane in the 
liquid phase by means of a gas containing molecular 
oxygen, charadarized In that the said mixture con- 
85 taining the cydoalkanone is subjected to an aldol 
condensation reaction by which at least WYo of the 
aldehydes present are oonveried, but not more than 
20% of cydoalkyl esters derived from carboxylic 
acids containing at least 4 carbon atoma per 
90 moleculeis allowed to saponify. 

The strong add or free base which is present in the 
aldol condensation Is necessary as otherwise the 
aldehydes will not condense with themseh/ea or with 
the cycloalkanone to form the higher-boiling pro- 
95 ducts. It is in this respect that the process according 
to the invention differs from the process according 
to Netherlands Patent Application 6600638. Prefer- 
ably the aldol condensation is performed with a 
basic catalyst usually in the form of an aqueous solu- 
100 tion. Usually a minimum concentration of free base 
in the aqueous solution of o.i mole/l is used, but the 
actual minimum requirement depends on the reao- 
tion temperature, the particular basic catalyst, the 
aldehyde concentration, and the amount of aqueous 
1 05 solution used. The reaction conditions such as 
temperature, nature of the basic catalyst, amount of 
free base, amount of aqueous solution, duration of 
treatment and the like, are selected so thai not more 
than a minor proportion of the cydoalkyl esters that 
1 10 are difficult to saponify are saponified. Thla lequire- 
ment ensures the avoidance of any appredable loss 
of cydoalkanone by self-condensation. A person skil- 
led in the art can determine suitable combinations of 
raaction conditions from some very simple experi- 
115 ments. 

In the aldol condensation it is preferred to convert 
not more than 0,2% cycloalkanone in excess of that 
required for the removal of the aldehydes. It Is poss- 
ible in practice to restrict the loss of cycloalkanone 
120 by self-condensation to lees tha n 0.02Vo. 

The reaction temperature preferably is in the 
range between SO and lOO^^C, particularly between 60 
and 95'C. The pressure may be. for instance in the 
range between 10 and 1 bOO kPa, preferably between 
125 50and200kpB. 

Particulaily suitable solutions of those which may 
be used in the aldol condensation are aqueous solu- 
tions of alkali-metal hydroxides and carbonates, pre- 
ferably sodium hydroxide or sodium carbonate. Par- 
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0.5 to 15, more in particular 1 to 5, wvt % aqueous 
sodium hydroxide aolution. The amount of aqueous 
base solution added is preferably 1 to 20 wL % with 
respect to the organic phase. A strongly basic ron 
5 exchanger can also be used advantageously as the 
basic catalyst 

The duration of treatment may, for instance be in 
the range between 5 and 60 minutes, preferably 

between 30 and 60 minutes, at an alkali ooncentra* 
10 tion of about 4% by weight or between 5 and 15 
minutes at an alkali concentration of about 75% bv 
weight 

Analogous considerations apply when use is 
mado of aldol condansation catalysed by a strong 
IS acid. Suitable strong acids are for example those 
containing from 0.1 to 20% by weight aqueous sul- 
phunc add or a corresponding concentration of 
p-toluene sulphonic acid, or preferably strongly acid 
ion exchangers containing sulphonic acid groups. At 
20 too high acid concentrations there is the risk of 
undesirable secondary reactions. The amount of 
strong acid may be a catalytic amount and range, tor 
instance between 0,01 and 1 0% by vieight based on 
the organic phase, prefarBbly between 0,05 and O.S% 
25 by weight An advantage of the acid-catalysed reac- 
tion is that a lower reaction temperature of, e.g., 
30-6(rc and/or a shorter reaction period suifflpe. Use 
may also be made of temperatures up to lOO'C 
The mixtures to be treated usually contain 50 to 
30 1000 parts by weight per million of aldehydes. 

The aldol condensation reaction can be effected in 
a stirred reactor, but use Is preferably made of a 
plug-flow reactor. 
By preferance such reaction condrtrons are used 
35 that not more than 10% of better stUI not more than 
S% of the cycloalkyi esters derived from cerboxyllc 
esters with at least 4 carbon atoms per molecule, is 
saponified. 

The aldol condensation reaction is preferably 
40 effectedafterpartor.preferablysubstantiallyallof 
the unconverted cycloalkane has been removed 
from the reaction mixture of the oxidation reaction. 
In order to remove organic acids, the mixture may 
have bean subjecced to e treatment with water or to 
45 a neutralization treatment as described above. If so 
dasired part of the aldehydes, together with other 
by products with a lower boiling point than the cyo- 
loalkanone, may be distilled off before the aldol con- 
densation. 

50 The product mixture of the aldol condensation 
may be freed of the acidic or basic catalyst, e.g.. by 
washing with water or by neutralization. If an ion 
exchanger Is used as the catalyst, washing or neul- 
raliration may be omitted. The cycloalkanone Is pre- 

55 farably then separated e,g. by distillation, from the 
resulting aldol-condensstion products, especially if 
the cycloalkanone is to be processed into a poiylac- 
tarn. However this is not necessary for some end- 
uses for cycloalkanones. CydoaOcanol that Is also 

60 recovered can be dehydrogenated into a further 
amount of cycioalkanone in knowvn manner. The dis- 
tillation residue contains cydoalfcyl esters, which can 
be hydrotyzed in known mannerto obtain another 
amount of cycloalkanol. 

65 Aldol condensation of aldehydes With cycloal- 



kanones is known, eg. from German Auslegeschrift 
1 ,085,520 and J. Am. Chera Soc. 2B 1 1964), 1347. 
These publications however deal with the reaction of 
thetwo reagents in a pure form and in molar ratios 
70 ofbeiween1:1andl!l0.hcannotbeinferr«Jfrom • 
such disclosures that very small proportions of 
aldehydes could be removed from the much greater 
amounts of cydoalkane-oxidaiion products contain- 
mg cydoaUcanone In the way according to the inven- 
ts tion. 

A further explanation is gh^en in the schematic 
reaction diagram of the accompanying drawing. The 
diagram relates to cycloalkanone cydohe«none, 
butthe process of the invention is also suitable for 
80 the purification of other cycloalkanones with 5^12 
carbon atoms in the ring, e.g. cyclopentanone or cyo- 
lododecanone. 

Cyclohexane is passed through line 1 to reactor 2. 
Air or another gas containing molecular oxygen is 
65 fed through line 3 to reactor 2 in which a liquid phase 
of cyclohexane and oxidation products is main- 
tained. Vent gas escapes through line 4. Cyclohex- 
ane vapour contained therein is condensed in a 
device (not shown) and is returned to reactor 2. The 
90 liquid reaction mixturefiowsthroughlineStoneut- 
ralizarion device 6. e.g. a mbcer-setller, in which it is 
washed with an aqueous sodium-carbtmate solution 
supplied through line 7. The amount of sodium car- 

Donate is such that no unconverted base remains in 
95 neutralising device 6. The aqueous phase is dis- 
charged through line 8 and a vapour phase through 
line 9. Cydohexane Is condensed from the vapour 
phase and returned to reactor 2. The organic liquid 
P|wse flo^ through line 10 to distillation column 1 1 
100 wherethe unconverted cyclohexane is removed. The 
vapour IS discharged through line 12, condensed 
and returned to reactor 2. The distillation residue, 
which substantially consists of cyclohexanone and 
cydohexanol and also contains esters and 
105 aldehydes, passes through line 13 to aldol- 
condensation vessel 14, to which an aqueous 
sodium hydroxide solution is fed through line 15 
The reaction mixture of the aldol condensation fixms 
through line 16to washing column 17 where it 
1 10 washed in counter^urrent relation to water supplied 
ttirough line l9to remove traces of hydroxide. If so 
desired, cyclohexane may be fed to vi^hing device 
17 through lines 18 and l6to Improve phase separa- 
f »on. The washing device may be a mixer-settler 
1 1 5 instead of a column. The washing water, together 
with the aqueous phase of the reaction product of 
me aldol condensation, leaves washing device 17 
through line 20, virhiie the washed organic mixture is 
™ through line 21 to distillation column 22, where a 
120 fraction (i.a.pontanol and heptanono) with a lower . 
boiling point than cyclohexanone, is distilled off. The 
light fraction is discharged through line 23. while the 
heavy fraction Is passed through line 24 to a second, 
distillation column 25 wherein cyclohexanone is dls^ 
125 tilled and recovered through line 26. The heavier 
fraction flows through line 27 to a third distlllatron 
column 28. Cydohexanol is distilled off and if so 
desired passed through line 29 to a dehydrogenation 
unit (not shown) virhere it can be convert^ into a 
130 further amount of cyclohexanone by dehydrogena- 
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tion In known manner. The dehydrogenation pro- 
duct may be returned to the distillation column 
through a line (not shown). A distillation residua 
containing cyclohexyl esters leaves the system 
5 through line 30. If so desired the esters may be hyd 
rolyzed, e.g. with aqueous sodium hydroxide. In a 
hydrolysis reactor {not shown). The cyclohexanol 
then obtained can be relumed through a lino not 
shown inTo the system, preferably to the neutraliza- 
10 tlon device 6, aldol-condensation reactor 14 or wash- 
ing device 17. 

Instead of a hydroxide solution, an a<:|ueoue solu- 
tion of a strong add, e.g. 10% by weight sulphuric 
acid, can be fed in through line 1 5, or aldol conden- 
15 sation vessel 14 may be a column-filled with a 
strongly acid ion exchanger, e.g. Dowex 50 L (Dowex 
is a trade- marlc), or another polystyrene resin con- 
taining sulphonlc-acid groups and cros»-llnked with 
dhrinyl benzene. In this instance washing device 17 
20 can be omitted. 

The invention will be further elucidated with rcfer- 
cnoe to the following working examples and com- 



parative experiments. 
A glass reactor provided wHh baffles, a reflux con- 

25 denser and a stirrer is filled with a mixture that con- 
tains 70 grams of cyclohexanone, T30 grams of eye- 
Johexanol, and 2 grams of aldehydes (substantially 
caproaldehyde) plus the cyclohexyl esters of butyric 
add, valeric acid, caproic add and ad^icadd which 

30 has been obtained by oxidation of cyclohaxane in 
liquid phase with air followed by neutralization with 
aqueous sodium carbonate solution, separation of 
the layers and removal of unconverted cyclohexane 
by evaporation (flow in line 13 of the drawing). An 

35 aqueous sodlufn-hydnjxide solution is added to this 
mixture in the amounts and concentrations shown in 
the accompanying Table and vigorously stirred with 
reflux cooling for 60 minutes at about 95'C and 
atmospheric pressure. After completion of the reao- 

40 tion, the contents of cyclohexylidene cyclohex- 
anone, aldehyde (calculated as caproaldehyde) and 
ester In the organic layer are determined by ga&- 
liqald chromatography (GLC). The results are shown 
in the table: 



Amount and concentration 
of sodiurrt-hydroxide 
solution 



Degree of conversion % 



aldehydes 



cyclohexyl 
esters 



Logs of cyclohexanone 
% by weight * 



Ex.i 
Ex. II 
Ex.111 
Ex. IV 
EX.V 

Com. Ex. A 
Com. Ex. B 



20 ml 0.1 N 
20 ml 0.5 N 
20 ml IN 
10ml IN 
20 ml 2.5 N 
20 ml 7.6 N 
20mM0N 



BO 

90 

97 

97 

98 

>99 

>99 



2 
5 
10 
10 

17 
25 
35 



<0,01 

0.02 

0.1 

0.2 

0.4 

1.5 

4.2 



♦ calculated to the sum of cyclohexanone and cyclohexanol added 



45 Upon completion of the reaaion/pure cyclohex- 
anone can be recovered from the organic layer by 
distillation. 

CLAIMS 

50 1. A process for the purification of a mixture con- 
taining a cycloalkanone containing 5-12 carbon 
atoms in the ring obtained by the oxidation of the 
corresponding cyctoalkane in the liquid phase by 
meana of a gas containing molecular oxgen, charao- 

55 terized in that the said mixture containing the cyc- 
loalkanone is subjected to an aldol condensation 
reaction by which at least 80% of the aldehydes pre- 
sent are converted, but not more than 20% of cyo- 
loalkyl esters derived from carboxylic addscontain- 

60 ing at least 4 carbon atoms per molecule is allowed 
to saponify. 

2. A process according to Claim 1, wherein not 
more than 5% of the said cydoalkyi esters is allowed 
to saponify. 

65 3. A process according to Qaim l or Claim 2, 
wherein not more than 02% cycloalkanone in excess 
of that required for the removal of the aldehydes Is 
convened in the aldol condensation reaaion. 
4. A process according to any of Claims 1 to 4, 



70 wherein a reaction temperature of between 30* and 

lOO'Cisused. 

5. A process according to any of Qalms 1 to 5, 
wherein a basic catalyst is used . 

6. A process according to Claim 5, wherein the 
75 reaction temperature is from 60* to BS^^C, 

7. A process according to Claim 5 or Claim 6, 
wherein the said basic catalyst is an aqueous solu- 
tion of sodium hydroxide or sodium carbonate. 

8. A process according to any of Oalms 5 to 7, 
80 wherein the base concentration is not more than 

15% by weight. 

9. A process according to any of Claims 1 to 4, 
wherein an acid catalyst is used. 

10. A process according to Claim 9. wherein a 
85 reaction temperature of from 30" to 60*0 is used. 

11. A process according to Claim s or Qaim 10, 
wherein the said acid catalyst is an aqueous soluuon 
of sulphuric add. 

12. A process according to Claim 9 or Claim 10, 
90 wherein the said acid catalyst is a strongly add ion 

exchanger. 

13. A process according to any of Claims 9 to 12, 
wherein the concentration of the strong add corres- 

Dnnri^Tn nnt mora vK«n ons/ U*, ...i^ • 



add. 

14. A process according to any of Qaims 1 to 13 
wherein aftertheaWol condensation reaction, the ' 
qrcloalkanonfris separated from the rasultlng con- 

5 densatton products by dlstiUaiion. 

15, A process according to any of Qaims t to 14, 
wherein the cycloalkanone is cycJohexanons. 

ia Aproccss accordingto Claim 1, cubstantially 
as hereinbefore descnbed and illustrated in the 
10 accompanylna drawing. , 

17. A process according to Claim 1 . subsUntialiy 
as hereinbefore described in the Examples. 

ia Cycloalkanone obtained by a process accord- 
tngtoanyof aa ims 1 to 17. 
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